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Figure S1. Characterization of Myc, MycVD and Myc/ΔPOZ tumors. Related to Figure 1. 

Immunoblotting of Myc expression in purified tumor cells from individually derived tumors: (A) 

Myc (lanes 1-6) and MycVD (lanes 7-13) tumors; (B) Myc/ΔPOZ-tumors (lanes 2-7).  GNPs 

lacking Myc expression (lane 1). β-actin and GAPDH were used as internal controls.  (C) 

Microarray analysis documenting the similarity in gene expression induced by MycVD versus 

Myc and Myc/ΔPOZ versus Myc.  The diagram shows all genes which are significantly regulated 

in both comparisons. Every dot represents one gene (1,535 genes). Slope: regression coefficient, 

r: Pearson correlation coefficient, p: p value (two-tailed t-test). (D) Gene Set Enrichment Analysis  

(GSEA) of gene expression in Myc/ΔPOZ- and MycVD- in comparison to Myc tumors. To 

identify which sets of genes are commonly deregulated in Myc/ΔPOZ- and MycVD-tumors, 

expression data of 4 Myc/ΔPOZ- and MycVD-tumors were combined and compared to 3 control 

Myc/G3 MB by GSEA.  List and examples of selected gene sets of down-regulated genes are 

shown. 
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Table S1.  Genes upregulated in MycVD- and Myc/ΔPOZ- compared to Myc-tumors. 

Related to Figure 1. 
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Figure S2.  Characterization of tumorspheres.  Related to Figure 2.  Immunoblotting of Myc 

expression in tumorspheres from individually derived tumors: (A) Myc (lanes 1-3) and MycVD 

(lanes 4-6) tumors. (B)  Myc/ΔPOZ-tumors (lanes 1-7).  GNPs lacking Myc expression were used 

as negative control. GAPDH was used as internal control. (C) Schematic of Miz1 mouse model 

used (Wolf et al., 2013). The POZ/BTB domain of Miz1 is encoded by exons 3 and 4 (E3, E4), 

which are flanked by loxP sites (red triangles). (D) Genotyping of the tail of 

Miz1ΔPOZ/POZ;Trp53fl/fl;Nestin-Cre mice  Fl/KO versus Fl/+ (lanes 1,2), Myc/ΔPOZ tumors (lanes 

3-5), tumorspheres passages 1-5 (lanes 6-10) for Miz1 deletion by the Cre recombinase. Cre was 

used for control. (E-F)  Measurements of the migration (E) and invasion (F) properties of Myc and 

MycVD tumorsphere cells.  p values (shown at the top) are calculated by an unpaired two-tailed t-

test from 3 independent experiments. Data are represented as the mean ± SD. 
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Figure S3.  ChIP-Seq analysis of Myc and Miz1 binding sites and characterization of 

Myc/Miz1 interaction. Related to Figure 3.  (A) Venn diagram comparing the number of Miz1 

peaks in NPCs (Wolf et al., 2013) and G3 MB. (B) Venn diagram displaying the number of binding 

sites for Myc and Miz1 in mouse G3 MB overexpressing wild-type Myc. Only peaks which have 

a FDR<0.01 and contain more than 20 tags were considered as peaks. Overlapping peaks are 

defined as peaks in which at least one base of the Myc and Miz1 peaks are located at an identical 

genomic position. (C) Examples of the ChIP-Seq data for Myc and Miz1 binding to four selected 

genes. The traces show ChIP-Seq profiles for Miz1 and Myc in G3 MB as well as an input control 

for Odc1 (a canonical Myc target gene), Vps72 (a canonical Miz1 target gene), and Camk2n1. 

Miz1 binding motifs (orange) and canonical E-box-sequences (blue) are shown as bars below the 

binding traces. (D) Co-immunoprecipitation in HEK293 cells of exogenously expressed Myc with 

antibodies to Myc (αMyc) and Miz1 (αMiz1). Immunoprecipitation with a rabbit IgG heavy chain 

(Rb IgG) was used as control.  (E) Co-immunoprecipitation experiment:  HEK293 cells were 

transiently transfected with expression plasmids encoding either full-length (FL) Miz1 or 

Miz1∆POZ and HA-tagged Myc. Lysates were precipitated with αHA-antibodies. (F) ChIP 

experiment analyzing binding of Miz1 and Miz1∆POZ to target genes. Miz1 was precipitated from 

tumorspheres expressing either full-length or mutant (∆POZ) Miz1 and IgG antibody was used as 

a control. Vps72 contains a consensus Miz1 binding motif. The other genes contain non-consensus 

E-Box and Miz1 motifs, which are bound by the Myc/Miz1 complex. Error bars indicate standard 

deviation. (G–I) Functional classification of direct target genes of Myc and Miz1. The number of 

tags in peaks within promoters was used to generate a ranked list of Myc and Miz1 target genes in 

mouse G3 MBs. The panels show gene sets from a GSE analysis that are highly occupied by Myc 

(G) or Miz1 (H). Panel I shows gene set with a ratio of Myc and Miz1 tags around 1 (see plot in 
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Figure 3).  Gene sets and GO terms were taken from the MSig data base (C2 and C5) and spiked 

with a gene set of Miz1-bound promoters in mouse neuronal progenitor cells (Wolf et al., 2013). 

For each table one enrichment plot is shown (right).  
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Figure S4. Knock down primary cilia in MycVD mutant tumorpheres in vitro and in vivo.  

Related to Figure 4. (A) Immunoblotting of Ift88 and Myc protein expression from three 

individual MycVD mutant tumorsphere lines (18152, 18159, and 19590). GAPDH was used as 

internal control. (B) Densitometry measures the relative density of Ift88 and Myc over GAPDH in 

panel S4A. (C) Detection of primary cilia from three individual MycVD mutant tumorspheres by 

immunofluorescence with an antibody to Arl13b (green) detecting primary cilia and to γ-tubulin 

(purple) to identify basal bodies.  DAPI (blue) was used to detect nuclei. Scale bar = 50 μm. (D) 

Percentages of ciliated cells: the number of the basal body or nuclei was used as a denominator to 

calculate the percentage of ciliated cells. p values compared MycVD tumorspheres (control) to 

MycVD tumorspheres overexpressing the shRNA of Ift88 (shRNA-Ift88).   (E) Kaplan-Meier 

survival curves of mice transplanted with two of the three individual MycVD mutant tumorsphere  

lines (18152 and 18259) infected with control (blue) and shRNA-Ift88 (red) encoding retroviruses. 

Median survival (ms) for line #18152; control was 43 days (n = 6) and shRNA-Ift88 40 days (n = 

7). Median survival (ms) for line #18159; control was 27 days (n = 9) and shRNA-Ift88 26 days 

(n = 9). (F and G) Detection and percentages of primary cilia from tumor sections as described 

previously. p values (shown at the top) were calculated by an unpaired two-tailed t-test. Scale bar 

= 50 μm. (H and I) Immunoblotting of Atoh1, Myc, and MycN expression in three individual G3 

tumorsphere lines (19251, 19554, and 19568) infected with Atoh1 encoding retroviruses. NIH3T3 

cells were used as negative control. 293T cells were transfected with Atoh1 or MycN and used as 

positive controls.  GAPDH was used as internal controls.  (J and K) Immunofluorescence of 

primary cilia from tumor sections as described in (C and D).  Scale bar = 50 μm. No significant 

“ns” difference between control vs. Atoh1 overexpression. (L) Selected gene sets of a GSE 

analysis of Atoh1 overexpressing G3 MBs compared to control G3 MBs. These gene sets are 
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enriched for activated genes after Atoh1 overexpression. One representative enrichment plot is 

shown on the right.  (M)  Box plot illustrating discrimination of murine (left) and human (right) 

SHH and G3 MBs by a gene set of SHH pathway members. The gene set “PID: Hedgehog GLI 

pathway” was taken from the C2 collection of the MSigDB. Gene expression data from murine 

(GSE33199) and human (GSE37382) MB subgroups were median centered and expression of each 

gene in the gene set was averaged within each subgroup. The black line indicates the median value, 

bottom and top of the boxes reflect first and third quartile, whiskers represent 1.5 interquartile 

range, and outliers are not shown (Tukey box plot). p values were calculated using a paired two-

tailed Wilcoxon signed-rank test. Data in graphs D, G, and K represent the mean ± SD. 
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Figure S5. Miz1 binding to Myc target genes is stronger in tumorspheres from G3 MB than 

in SHH MB.  Related to Figure 5.  (A) Co-immunoprecipitation experiments from HEK293 cells 

expressing HA-tagged versions of Myc (MycN or Myc) together with increasing amounts of Miz1.  

Mouse IgG was used as control. (B) Interaction assay with recombinant Miz1 protein. GFP, MycN 

and Myc were translated in vitro in the presence of [35]S-methionine or -cysteine and precipitated 

with recombinant GST-tagged Miz1 that had been purified from E. coli. Precipitated proteins were 

detected by autoradiography. (C) Comparison of normalized binding strengths of Miz1 binding in 

SHH MB tumorspheres (Y axis) to Miz1 binding in G3 tumor cells (X axis) versus Miz1in NPCs 

(top panel), Myc in G3 tumor cells (middle panel) and MycN in SHH MB tumorspheres (bottom 

panel).  Each dot represents Miz1 binding strength to one gene.  (D) Co-immunoprecipitat ion 

between HA-tagged MycN (WT) and HA-MycNVD (VD) with Miz1 both co-expressed in 

HEK293 cells immunoblotted with antibodies to Miz (long and short exposure) and to HA.       
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Figure S6. GSEA of human and murine G3 MBs.  Related  to Figure 6. Oncogenic signatures 

were taken from the C6 MsigDB. Gene expression of human MBs (Northcott et al., 2012) was 

median centered and ranked. For murine MBs gene expression changes of Myc-transduced versus 

control tumors have been compared. One enrichment plot is displayed on the right.  
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Supplemental Experimental Procedures  

Antibodies used for immunofluorescence and immunoblotting.  

Name Supplier Catalog no. Dilution  Application 

Ki67 Leica NCL-Ki67P 1:1000 IF  

Caspase-3 Biocare Medical CP229A 1:250 IF  

Arl13b NeuroMab N295B/66 1:2000 IF 

ƴ-tubulin Sigma T5192 1:1000 IF 

Ift88 Proteintech 13967-1-AP 1:1000 IB 

Atoh1 Abcam Ab105497 1:1000 IF 

Atoh1 Abcam Ab 168374 1:1000 IB 

Myc Abcam Ab32072 1:500 IF 

Myc Cell Signaling 9402S 1:1000 IB 

MycN Santa Cruz Biotechnology, Inc. SC-53993 1:200 IB 

GAPDH Applied Biosystems, Ambion AM4300 1:5000 IB 

β-actin Santa Cruz Biotechnology, Inc. SC-1615 1:2000 IB 

Myc Santa Cruz Biotechnology, Inc. SC-764 1:1000 IB 

HA Santa Cruz Biotechnology, Inc. SC-805 1:1000 IB, IP 

Miz1 Martin Eilers Group 10E2 1:500 IB, IP 

IF = Immunofluorescence, IB = Immunoblotting, IP = Immunoprecipitation 

Mouse Genotyping  

Genotyping of mice was performed using the following primers:  

Miz-1 intron 2:  5’– GTATTCTGCTGTGGGGCTATC –3’  

Miz-1 exon 3:   5’– GGCTGTGCTGGGGGAAATC –3’  

Miz-1 intron 4:  5’– GGCAGTTACAGGCTCAGGTG –3’  

Nestin:   5’– GATGAAGCAGGAACCCCGGTTGCGTG –3’  

Cre reverse:   5’– TCGTTGCATCGACCGGTAATGCAGGC –3’ 
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Primers for ChIP assays. Related to Figure 5 and Figure S3. 

1. Pcbp1  Forward:  CGCGCACGTTTTCGAC  

Reverse: GATGGCGGAGCGATACAG 
 

2. Ccnd1   Forward: GCGTCCTCAGGCTCTCG 
Reverse: CCACGTGGTCGTCCTGA 

 
3. Tmem11   Forward: TGTGTCTGGGTGTTTTGTGC 

Reverse: GTAACGTCTGACGCCCTCTT 
 

4. Intergenic  Forward: GAATGTGGCCAGTGGACTTT 
Reverse: ATCCTAAGCTTCCCCTCCAG  

 

Orthotopic transplants  

Transplantation of Myc-, MycN-, MycVD- or MycNVD-infected GNPs or tumor cells into the 

cerebellum or cortices of recipient mice yielded similar times of onset, incidence, and phenotypic 

characteristics of MB development.  Our rationale for the number of cells injected into the cortices 

of recipient mice to examine the oncogenic potential of Myc was based on our previous 

experiments (Ayrault et al., 2010). 

 

Cell Migration and Invasion Assays  

The outside of the transwell insert membrane was coated with 50 µl rat tail collagen (50 µg/ml) 

overnight at 4°C.  The next day, aliquots of rat tail collagen (50 µl) were added into the transwell 

inserts to coat the inside of the membranes for 1.5 hr at room temperature. Cells were harvested 

from cell culture dishes by accutase into 15 ml conical tubes and centrifuged at 800 x g for 5 min. 

Cell pellets were resuspended in complete neurobasal medium supplemented with 0.2% BSA at a 

cell density of 3 × 104 cells/ml. Aliquots of 100 µl cell suspension were loaded into transwell 

inserts that were subsequently placed into the 24-well plate.  The transwell insert-loaded plate was 

placed in a cell culture incubator for 5 hr.  For invasion assay, inserts (BD Biosciences) were 
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coated with 50 μl of a 1:4 Matrigel/Medium dilution (BD Biosciences) and allowed to solidify at 

37°C for 1 hr. Cells were resuspended (3 x 104 cells/ml) in complete neurobasal medium 

supplemented with 0.2% BSA and 500 μl of cell suspension were added to each insert and allowed 

to invade through a porous membrane coated with Matrigel at 37°C for 24 hr. For migration and 

invasion assays, the cells inside transwell inserts were removed by cotton swabs.  The cleaned 

inserts were fixed in 300 µl of 4% paraformaldehyde (pH 7.5) for 20 minutes at room temperature.  

Cells which had migrated to the outside of the transwell insert membrane were stained using 

HEMA 3 staining kit (Fisher Scientific Inc, TX). The number of stained cells was counted as 

previously described (Vo and Khan, 2011; Zigmond et al., 2001). Results were expressed as 

migration/invasion index defined as the average number of cells per field.  The experiments were 

conducted at least three times using independent cell preparations. 

 

Affymetrix Microarray Analysis  

Comparison with other mouse MBs subgroups, used Affymetrix Mouse Genechips HT430 V2 as 

previously described (Ayrault et al., 2010; Kawauchi et al., 2012). For each probe set, subject Z-

scores were calculated by computing the mean and standard deviation across subjects within each 

probe set. 

 Functional analysis of gene sets was performed using DAVID (Huang da et al., 2009). 

Gene set enrichment analysis (GSEA) (Subramanian et al., 2005) was performed (1,000 

permutations) with the C2 and C6 gene sets from the MSigDB 

(http://www.broadinstitute.org/gsea/msigdb).  Heatmaps were generated using RMA-normalized 

data downloaded from GEO (GSE33199).  Probes matching the same gene were de-duplicated by 

the median. Log2FC were calculated by substracting the median of the whole dataset from log2 

http://www.broadinstitute.org/gsea/msigdb
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intensity values and subsequently normalized to +/-1. Heatmaps were plotted using MeV v4.8.1 

(Saeed et al., 2003). For expression profiles of human MBs raw data were downloaded from GEO 

(GSE37382), RMA-normalized using the affy package in R and probes without matching gene 

symbols were removed. Log2FC were calculated by substracting the median of the whole dataset 

from log2 intensity values.  

 

RNA-Sequencing Analysis  

Reads were sequentially mapped using an in-house script implementing BWA with default 

settings, STAR (extra settings: "--outSAMunmapped Within --outSAMstrandField intronMotif ") 

and SIM4 with default settings, followed by a re-implementation of Picard's CleanSam in which 

alignments that run off the end of the reference were trimmed and extended by identifying soft-

clipping that could align in-place. 

Reads for each ensembl gene were counted using the summarizeOverlaps {Genomic 

Alignments} function in R (R Core Team, 2015). Weakly expressed genes were removed (read 

sum of all samples per gene > 14) and differentially expressed genes were called using edgeR 

(Robinson et al., 2010). 

 

ChIP-Sequencing Analysis  

Downstream analyses were performed using R and Microsoft Excel (or programs described later). 

Binding profiles were visualized using the Integrated Genome Browser software (Nicol et al., 

2009). To create density distributions (heatmaps) indicating co-occupancies of binding sites, 

Seqminer v.1.3.3 (Ye et al., 2011) was used (to avoid 0 tags, 1 was added to all values). Peak 

annotations were achieved using the ‘closestBed’ feature from the Bedtools suite v.2.11.2 (Quinlan 
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and Hall, 2010) and the UCSC GoldenPath RefSeq database for murine (mm9) genes. Intersections 

of ChIP-sequencing peaks were done with the ‘intersectBed’ tool from Bedtools and default 

parameters. GSEA preranked analyses were performed to identify specific gene sets enriched in 

strongly Myc- and Miz1-bound genes in murine G3 MBs. Therefore, genes with a ChIP-Seq peak 

within +/-5kb around a transcriptional start site (TSS) were selected and the numer of tags in the 

peak was used to generate a ranked gene list that was subsequently used for gene set enrichment 

analyses (default settings) with the C2 and C5 collection of the MSigDB. For Myc/Miz1 joint 

peaks the absolute log2 Myc/Miz1 ratio was calculated, a ranked gene list was built and subjected 

to GSEA preranked analysis with default parameters. 

 

In vitro transcription and translation assays  (IVT) 

For the in vitro interaction assays, GFP, MycN and Myc were expressed with the T7 Quick 

Coupled Transcription/Translation System (Promega).  30 µl of reticulocyte-lysate was mixed with 

1 µg of CMV-plasmid-DNA and 2 µl of [35S]-methionine (1,000Ci/mmol at 10mCi/ml) and 

incubated for 90 min at 30°C. GST-tagged Miz1 was expressed from a pGEX4T-plasmid in Bl-21 

in 50 ml LB-culture and expression was induced with a final concentration of 0.5 mM IPTG for 3 

h at 30°C. Bacterial Cells were resuspended in 2 ml PBS containing protease inhibitors and a final 

concentration of 0.1 % of NP-40. Cells were disrupted by sonication and the soluble fraction was 

incubated with 200 µl of Glutathione Sepharose (GE) for 3 h at 4°C to immobilize GST-Miz1. 20 

µl of GST-Miz1-beads were incubated with 15 µl of [35S]-methionine-labelled proteins for 150 

min at 4°C. Labelled proteins in eluates and inputs were separated by SDS-PAGE gels and 

visualized by autoradiography. 
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Statistical Analysis 

The Kaplan-Meier method was used calculate the significance of mouse survival. Statistical 

analyses were performed in the GraphPad Prism software version 6.0 or R. 
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